Equimolar reactions involving SnClPh 3 , SnCl 2 Ph 2 , SnCl 3 Ph and SnCl 4 and rutin trihydrate (Quercetin-3-rutinoside) produced organotin(IV) polymers, which have been characterized by infrared spectroscopy, 'H, n C and " 9 Sn NMR, Mössbauer spectroscopy, gel permeation chromatography (GPC), differential scanning calorimetry (DSC) and microanalysis. The NMR ('Η, 13 C) and " 9 Sn Mössbauer spectroscopy have revealed dephenylation of the starting organotin(IV) materials. The overall data have revealed a six-coordination for the Sn(IV) centre in solution as well as in solid state. DSC and GPC techniques have confirmed the formation of macromolecules for those adducts with an average molar mass higher than 7.0x10' g/mol. The hypolipidemic effect of total cholesterol reduction in male New Zealand rabbits was comparable to calcic atorvastatin, a commercial drug for treatment of hyperlipidemic patients.
INTRODUCTION
Flavonoids form part of a wide class of metabolites, which aie derivatives of biosynthetic routes involving acetate, chickimate and other subunits. They have been acknowledged as the origin of the colour from a variety of flowers as well as the flavour of all sorts of food and drinks. Those compounds are chemically classified according to the functional group within the structural arrangement. More than 4000 flavonoids have been identified and some of them are predominantly found in citric fruits and vegetables IM.
The pharmacological properties of flavonoids have attracted interest in several fields of research, for Vol 27, No. 6. 2004 
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Amd Rutin Trihydrate instance, in the treatment of diabetes and cancer therapy of human colon adenocarcinoma cells /2/. The effects of flavonoids in hyperlipidemic rats and rabbits /3-5/ have given promising results concomitant to the statistical work on coronary disease as the main cause of death in people with age over 45 16/. The information above, together with the recognized biological properties of organotin compounds such as antiinflammatory /7/, antifungal /8, 9/ and antitumoral /10, 11/ activity, has motivated us to investigate the hypolipidemic effects of Sn(IV)-flavonoid derivative complexes in hyperlipidemic rabbits.
In coordination chemistry, flavonoids can be used as ligands owing to the available electrons on the heteroatoms such as oxygen (see Figure 1 ). These compounds can perform a variety of bonding modes leading to a number of geometrical patterns. The literature provides a few complexes with this class of compounds, mainly from the first row of transition metals /12/, and in addition, Sn(IV) complexes derivatives of reaction between n-dibutyltin(IV)-oxide and rutin trihydrate /13/.
The required knowledge about the coordination chemistry of organotin(IV) complexes with flavonoids has led us to choose SnClPh 3 , SnCl 2 Ph 2 , SnCl 3 Ph and SnCl 4 as starting materials to carry on research for new compounds with rutin trihydrate. The present work reports the characterization of the products by 'H, 13 C and " 9 Sn NMR, infrared and n9 Sn Mössbauer spectroscopy, as well as the preliminary results of hypolipidemic effects in New Zealand rabbits.
MATERIALS AND METHODS
The 'H and NMR spectra were obtained using a Bruker Advance DPX 200 (200 MHz) spectrometer with tetramethylsilane (SiMe 4 ) as internal standard (δ = 0) in deuterated methanol. The " y Sn NMR spectra were measured using a Bruker DRX400 (400 MHz) with tetramethyltin(lV) (SnMe 4 ) as external standard (δ = 0) in CH3OH and DMSO, 119 Sn Mössbauer spectroscopy data were collected at 78 Κ in constant acceleration equipment moving a CaSn0 3 source at room temperature. All Mössbauer spectra were computer-fitted assuming Lorentzian single lines. Infrared spectra were recorded on a Perkin Elmer Spectrum 1000 grating spectrometer, using Nujol suspension between Csl windows, scanning from 4000 to 223 cm" 1 .
The microanalysis was carried out using a Perkin Elmer 2004 CHNS/O and the cholesterol analysis on an Alize Analyzer. The molecular mass of each compound was obtained by GPC through a GPC803D-GPC802D 2 χ 300 χ 8 mm column in dimethylformamide (DMF) using a Shimadzu device, and the DSC analysis a Shimadzu -DSC50. The biological research was set by the use of six groups (six animals each) of male New Zealand rabbits, fifty days old with a weight-average of 1.2 Kg. Those were fed with hyperlipidemic diet (RCAC = ration + cholesterol 0.5% + colic acid 0.1%) and treated daily with capsules containing 5 mg of the appropriate test substance such as rutin, Sn(IV)-rutin products (1, 2, 3, 4), and calcic atorvastatin, a commercial drug. The control groups were treated with ration and RCAC. All Sn(IV) reagents were obtained from Aldrich, and rutin trihydrate from Sigma Company. Schlenk glassware, nitrogen atmosphere and magnetic stirring were used throughout the experiments. Chloride was investigated by qualitative analysis against silver nitrate. Vol. 27. No. 6, 2004 Tin(IV) Compounds Derivatives of Reaction Between Οι ganoliit (IV), SNCL 7 Amd Rutin Trihydrate
Preparation of [Sn(rutinate)2(rutin)]
Equimolar reactions between organotin(IV) reagents and rutin trihydrate were carried out in methanol.
The yellow mixture was kept stirring for more than 14 h at room temperature, except in the case of 1 (65°C). 
Preparation of [SnCI(rutinate)].3CH30H (4)
Tin ( 
RESULTS AND DISCUSSION
The compounds 1, 2, 3, and 4 are soluble in methanol, dimethyl formamide and dimethyl sulfoxide. Only 3 presented an oily aspect during its preparation, which is most likely a consequence of solvent trapping by intermolecular hydrogen bonding. Qualitative analysis has shown a complete loss of chloride in 1, 2 and 3,
but not in 4. The compounds are hygroscopic solids but air stable materials. They should be stored in desiccators containing anhydrous calcium chloride under vacuum to avoid moisture. Before running the elemental analysis, samples of the complexes were kept in desiccators for a week over calcium chloride. As a polydentate ligand, rutin allows several coordination modes towards Sn(IV) as shown in Figure 2 .
The OH groups attached to the aromatic and aliphatic ring of rutin can bind to metals in mono-, bidentate and chelate modes. It is also conceivable that rutin can act as tridentate or tetradentate ligand whereas both mono-and chelate bonding modes coexist towards an Sn(IV) centre. LOSS of one, two or more hydrogen atoms from quercetin or 3-rutinoside moieties, or even from both, lead to rutinate-anion. The information concerning structural features provided by each technique employed in the present work is discussed below.
Infrared Spectroscopy
The infrared spectrum of rutin trihydrate exhibited a C=0 band at 1654 cm" 1 , which remained unchanged upon coordination to the Sn(IV) nucleus. All complexes revealed a broad band at 3450 cm" 1 , caused by the vibrational stretching of the OH group, and another one around 450 cm' 1 assigned to the Sn-O bond. In addition, only an infrared band at 360 cm" 1 was displayed in 4 due to the vibrational stretching of the Sn-Cl bond /14, 15/. Consequently, the infrared spectroscopy points out that the coordination towards the Sn(lV)
does not occur through the carbonyl group of rutin, since the displacement of the vibrational C=0 stretching is not significant enough to suggest it. At the low frequency, however, the metal-oxygen bond strongly indicates coordination of rutin, where the oxygen might come from aromatic or aliphatic groups.
NMR Spectroscopy
The Ή NMR spectra of 1, 2 and 3 show no signals correlated to the phenyl groups from the starling can be envisaged as shown in Figure 3 . The water and methanol molecules are trapped in the lattice by hydrogen bonding.
Sn Mössbauer Spectroscopy
A recent Mössbauer study on coordination chemistry involving n-dibutyltin(IV)-oxide with several flavonoids, including rutin, has pointed out the Sn(IV) centre as penta-and hexacoordinated 13 . Table 1 
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the Mössbauer parameters for the compounds prepared in this work as well as literature data for comparison.
The isomer shifts (8) Table 1 Mössbauer parameters of the Sn(IV)-rutin derivatives and literature data for comparison.
Product ö(mm/s) A(mm/s) r(mm/s) Ref.
[SnClPhj]
1.33 (1) A remarkable aspect concerning the data in Table 1 Vol 27, No. 6, 2004 
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Interestingly, the linewidth (Γ) of 1, 2, 3 and 4 was large, as shown in Table 1 , which could be caused by the poor crystalline degree of the sample or the thickness effect of the absorber, or even by both factors. 
Hypolipidemic Effects
All six groups of rabbits (six animals each) were fed with a hyperlipidemic diet in order to enhance the blood cholesterol concentration. The data were statistically worked out by the Tukey and Dunnet methods.
The best achievement in cholesterol reduction was obtained after 15 days of treatment with complex 4. This reduction was surprisingly similar to that of calcic atorvastatin, a well-known medication for hyperlipidemic patients, for the same experiment as shown in Table 2 . Further work to assemble more information will be developed in order to establish possible side effects such as liver and kidney damage. Commercial drug (calcic atorvastatin); ** Control groups treated with ration (1) and RCAC (2) . RCAC = hyperlipidemic diet (ration + cholesterol 0.5% + colic acid 0.1%). + -Tukey's statistical method; * -Vol. 27, No. 6, 2004 Tin(lV) Compounds Derivatives of Reaction Between Organotin(IV),SNCL 4 Amd Rutin Trihydrate
CONCLUDING REMARKS
Several attempts to achieve suitable crystals for crystallography studies have failed, as usual for polymeric systems. Nevertheless, Mössbauer spectroscopy has revealed six-coordinate Sn(IV) nucleus for all polymeric materials in solid state and reinforced the evidence for a dephenylation reaction on the organotin(IV) reagents, previously observed by NMR techniques. The number of signals observed by " 9 Sn NMR in those compounds most likely indicates the coordination site from rutin in I belongs to quercetin, whereas for 2, 3 and 4 it involves both the 3-rutinoside and quercetin moieties. Although 1, 2, and 3 have the same molecular formula, the stereochemistry of the ligand upon coordination as well as the coordination site is still doubtful without molecular structural determination, and this applies to 4 as well. Low-molecularmass oligomers are always present in step polymerisation, which does not invalidate the GPC results /28/. In this context, 1, 2, and 3 are better conceived as oligomers and 4 as a mixture of an oligomer and a polymer, accounting for the differences in weight-average molecular mass results.
